ABSTRACT Reanalysis of counts of horn ßy, Hematobia irritans (L.), obtained from a variety of cattle herds indicated that aggregation of the ßies within herds decreased as mean ßy density increased. Aggregation was also related to the proportion of ßy-resistant and ßy-susceptible cattle in a herd. Herds were grouped according to their degree of horn ßy aggregation. Low aggregation herds included larger framed Angus, Horned Hereford, Polled Hereford, and Red Poll breeds. Moderate aggregation occurred with Brahman, Charolais, small-framed Angus, mixed cows, and Hereford ϫ Charolais cross. High aggregation occurred with Chianina and mixed herds. Relationships between the sample means and variances varied among aggregation groups. A resampling approach was used to determine the inßuence of random sampling of a herd on the proportion of horn ßy population estimates within Þxed percentages of the true mean. The proportion of sample means within Ϯ 5, 10, 15, and 20% of the true means varied with the proportion of the herd sampled, the mean and variance of ßy density, and herd size. Recommendations for obtaining sample size to estimate ßy density within a Þxed percentage of the true mean are given.
SAMPLING ARTHROPOD POPULATIONS IS important for both the study of pest population dynamics and development and implementation of integrated pest management (IPM) strategies. Studying arthropod population dynamics requires the ability to accurately describe population changes in space and time. The development and implementation of IPM strategies may involve experimental studies to determine the effect of management options on arthropod population growth or may require estimating abundance relative to a population threshold to make decisions about intervention. Developing sampling programs for arthropods requires deÞning an appropriate sample unit, as well as determining how many of those sample units must be examined to obtain a reliable population estimate.
The horn ßy, Hematobia irritans (L.), is an obligate parasite of cattle. Immatures develop in freshly deposited cattle manure, and the adults spend most of their life on cattle, leaving only to oviposit on manure. Adult populations can be enumerated by counting the number of ßies on the surface of the cattle. Although various workers have used counts of ßies on portions of the animals (sides and upper body) to estimate abundance (Harvey and Brethour 1988, Morrison and Foil 1995) , the most appropriate sample unit yielding the least biased estimates of abundance is the whole animal (Lysyk 2000) . The number of sample units required to estimate horn ßy abundance with Þxed levels of precision has been determined based on relationships between the mean and variance of the counts of ßies on individual cattle (Lysyk and Moon 1994) . However, this approach focused on obtaining estimates with a Þxed level of statistical error (Legg and Moon 1994) and may not necessarily reßect how close to the true population mean the estimate may be. In fact, most methods for determining the number of sample units to be selected focus on precision rather than on reducing bias of the sample mean.
Sampling arthropod pests of cattle pose a particular challenge because the number of potential sample units that can be sampled is limited to the number of animals in a herd if sampling is without replacement. Compounding this problem is the fact that cattle exhibit varying degrees of resistance to ectoparasites. The distribution of ectoparasites among the herd is distinctly skewed so that a relatively small proportion of the animals bear a large proportion of the ectoparasite population, whereas a large proportion of the animals bear a small proportion of the ectoparasite population (Latif et al. 1991 , Steelman et al. 1993 . Steelman et al. (1993) referred to these as ßy-susceptible and ßy-resistant cattle, respectively, in reference to populations of the horn ßy. As an example, Pruett et al. (2003) examined the distribution of horn ßies on individual animals within a herd. In a group of 23 breeding cows, the mean percentage of horn ßies on four ßy-resistant cows averaged Ͻ2% of the herd mean, whereas the mean percentage on Þve ßy-susceptible cows averaged Ͼ6% of the herd mean. The proportion of ßy-susceptible and ßy-resistant cattle in a herd can vary within and among breeds (Brown et al. 1992 , Steelman et al. 1993 ) and may be inßuenced by factors such as size (Steelman et al. 1996) and hair coat density (Steelman et al. 1997) . One consequence of this tendency for ßy populations to be aggregated within a herd is that estimates of horn ßy population density made by sampling within a herd may depart from the true mean if ßy-resistant or ßy-susceptible cattle are over-or underrepresented in the sample.
Simulation can be used to evaluate the effects of sampling a herd on how close sample estimates are to the true population mean. One approach is to develop a theoretical probability model for the population and use Monte-Carlo methods to simulate sampling (Binns et al. 2000) ; however, horn ßy distributions within a herd are not easily described with a single model. An alternative approach that requires fewer assumptions is to resample existing data by using a bootstrap or resampling approach (Hutchison 1994) . Resampling is a simulation procedure that can be used to draw a speciÞed number of randomly selected observations from an existing set of data to calculate summary statistics for the sample (Blank et al. 2001) . The selected observations can be drawn with replacement (an observation can be selected more than once) or without replacement (an observation can only be selected once). This method can be applied to horn ßy because it allows estimating density based on randomly selected animals within a herd. By resampling various proportions of a herd numerous times, estimates of mean density can be easily obtained and compared with estimates made if the entire herd were sampled.
The purpose of this study was to describe aggregation patterns of horn ßy populations among herds in relation to the proportion of herd that was ßy-resistant or ßy-susceptible. Relationships between a measure of aggregation and ßy density, the proportion of ßy-susceptible animals, and ßy-resistant animals in a herd were developed. Herds were grouped according to the aggregation pattern of their ßy populations, and meanÐvariance relationships were determined for each group. A resampling approach was used to determine the effect of sampling within a herd on the accuracy of resulting estimates of density, and the proportion of estimates within 5, 10, 15, and 20% of the true mean determined. The relationship between the proportion of estimates within a Þxed level of accuracy and the proportion of sample units selected, ßy density, variance of ßy density, and herd size was determined and used to develop sampling plans that estimate mean density within a Þxed percentage of the true mean for herds exhibiting various aggregation patterns.
Materials and Methods
Data used in this experiment were obtained from published records of the number of horn ßies recorded on all animals from 11 purebred herds and Þve mixed herds. Details of the herd composition, number of animals per herd, number of sampling dates, and horn ßy densities are listed in Table 1 . The purebred herds were sampled in Arkansas by using methods outlined in Steelman et al. (1993) . Observers walked around each animal at a distance of 5Ð10 m and counted horn ßies on the entire animal, including the belly. The purebred herds consisted of Brahman, Charolais, Chianina, Horned Hereford, Polled Hereford, Red Poll, and Þve separate Angus herds of varying frame size. The mixed herds were sampled at Lethbridge Research Centre by using methods outlined by Lysyk (2000) . Cattle were loaded into a chute and ßies counted on each side and the belly. The mixed herds included cattle from a variety of genetic sources, the only exception being a single Hereford ϫ Charolais cross used in 1992.
Horn ßy population summary statistics were calculated for each herd and sample date. These included the mean number of ßies per animal (m) as a measure of horn ßy density, variance of the number of ßies per animal (s 2 ), and an index of aggregation 1/k ϭ (s 2 -m)/m 2 (Davis 1994) . This index increases directly as aggregation increases (Waters 1959 ). Calculation of this index was based on the method of moments for estimating k of the negative binomial distribution. A more accurate method for calculating k is the maximum-likelihood method (Anscombe 1949) ; however, maximum-likelihood estimation requires that data be organized into a frequency distribution (Elliott 1977) , which was not possible for these data. The efÞciency of the moment estimates of k used was estimated by comparing the paired estimates of k and the sample mean with AnscombeÕs Fig. 1 (Anscombe 1949) and counting the number of estimates with efÞciency Ͻ50%, 50 Ð70%, 70 Ð90%, and Ͼ90%.
The data in each sample were sorted by increasing number of ßies and the proportion of the total ßy population on each animal (f i ) calculated for the sample date as f i ϭ X i /N f , where X i is the number of ßies on an individual animal, and N f is the total number of ßies on all animals. The cumulative proportion of the ßy population was then calculated for each animal as
and the cumulative proportion of cattle calculated as
where N c is the total number of cattle for the herdÐ sample date combination. Thus, for each sample date and herd, curves were generated that relate the cumulative proportion of the ßy population to the cumulative proportion of cattle examined. Once these these relationships were established, the mean and SE of Q 1 and Q 4 were calculated for each herd, and the mean of Q 1 plotted against the mean of Q 4 . This plot was used to place a herd into one of three groups according to their average values of Q 1 and Q 4 . Herds with the lowest values of Q 1 and Q 4 were placed into one group, the herd with moderate values placed into a second, and herds with the highest values placed into a third. The data were then sorted by quartilebased group and sample date, and box plots used to examine variation in 1/k among the three groups. Finally, the relationship between the mean and variance was determined for all herds combined, as well as for each group using the relationship ln(s
The effect of sampling herds on the how close the sample estimates were to a herdÕs true horn ßy density was evaluated using resampling without replacement. If there are N c animals in a herd, n samples were drawn without replacement from that herd, where the number of animals sampled is less than the total number available, N c . The mean ßy density from the sample was calculated and the sampled mean designated m s to distinguish it from the true mean density, m. For each herd and sample date, the nominal proportion (p) of the herd to be sampled was set at either 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, or 0.9 of the total number of cattle in the herd. The actual number of cattle selected from each sample date sampled was set at p*1/N c rounded to the nearest integer, and the actual proportion of the herd sampled was calculated and designated as p s . This was repeated 1000 times for each herd, sample date, and p, giving 512*8*1000 estimates of m s . Resampling was conducted using the Resampling Stats Add-In for Excel (Blank et al. 2001) .
The sampled means were compared with the true mean density by Þrst calculating the deviation of each sampled mean from the true mean using (m s -m)/m, then, for each herd, sampling date, and p, the proportion of the 1000 sample means within Ϯ 5, 10, 15, and 20% of the true mean, was calculated. These were designated as P 5 , P 10 , P 15 , and P 20 , respectively, and represent the proportion of sample means at each level of bias. Nonlinear regression was used to determine the relationship between the proportion of sample means at each level of accuracy and various statistics of the ßy population associated with each herd and sample date. The model used was
where X 1 ϭ p s, the actual proportion of the herd sampled, X 2 ϭ ln(m), X 3 ϭ ln(s 2 ) and X 4 ϭ N c and Y ϭ either P 5 , P 10 , P 15 , or P 20 . Predicted values were calculated for each regression. Relationships between observed and predicted proportion of sample means at each level of accuracy were examined graphically. Herds were grouped according to the relationships between Q 1 and Q 4 , the mean observed and predicted P 5 , P 10 , P 15 , and P 20 calculated for each group and nominal proportion of the herd sampled, and plotted.
Data were also sorted into deciles of mean ßy abundance, and mean observed and predicted P 5 , P 10 , P 15 , and P 20 were plotted for each group and decile of abundance. Finally, mean and observed P 5 , P 10 , P 15 , and P 20 were plotted for each group and N c .
The regressions were also used to estimate the required number of animals to be sampled to obtain 90% of the estimates within Ϯ 5, 10, and 15% of the true mean. The left-hand side of the equation 1 was set ϭ 0.9 and rearranged to give
. This is a form of a quadratic equation and was set to 0 and solved for X 1 (p s ) by using the quadratic formula. Values of m ranging from 25, 50, 100, or 200 ßies per animal were set, variances calculated based on the relationships between the variance and mean determined for each group, and herd sizes set at 10, 25, and 50. The proportion of the herd to be sampled was calculated and the number of animals required for the speciÞed level of accuracy was calculated using the CEILING function of EXCEL (Microsoft Inc., Bellevue, WA) to round values to the highest integer. The calculation was required number of animals ϭ CEILING(p s *N c ).
Results and Discussion
Mean horn ßy density ranged from 1.4 ßies per animal to 578 ßies per animal. Herd averages ranged from 64.9 to 358.1 ßies per animal (Table 1 ). The measure of aggregation, 1/k, ranged from 0.01 to 7.0 and averaged 0.36 Ϯ 0.56. Ninety percent of the values were in the range 0.04 Ð 0.5. Over all herds and dates, 1/k tended to decrease as ßy density increased ( Fig.  2 ; Table 2 ), indicating that horn ßy populations tend to become less aggregated as density increases. The efÞciency of the estimates of k varied, with 12.5% estimated as Ͻ50%, 21.1% having estimated efÞciency within 50 Ð70%, 36.9% having estimated efÞciency within 70 Ð90%, and 29.5% having Ͼ90% estimated efÞciency. The estimates were therefore generally adequate for use as indices of aggregation but were not efÞcient enough to be used for estimating probabilities from the negative binomial distribution. This further justiÞes our later use of resampling. The proportion of ßy-resistant cattle increased sharply as 1/k increased, whereas the proportion of ßy-susceptible cattle decreased as 1/k increased ( Fig.  3 ; Table 2 ). The reasons for this can be inferred from Fig. 1 . The curves shows the relationship between the cumulative proportion of ßies and the cumulative proportion of cattle, supporting those ßies when 1/k ϭ 0.14 (top curve), 0.39 (bottom curve) and 0.83 (bottom curve). Fly density ranged from 93.5 to 100.5 ßies per animal. As aggregation increased, the curves tended to bulge more toward the lower right-hand corner of the graph. This resulted in reduced values of Q 4 , or a lower proportion of ßy susceptible animals (those that bear the upper 25% of the ßy population), whereas Q 1 , the proportion of ßy-resistant cattle (those that bear the lower 25% of the horn ßy population) increased. In other words, as aggregation increased, horn ßies tended to concentrate on fewer cattle in the herd. When aggregation decreased, horn ßies tended to spread themselves out more among the cattle. These results suggest that Q 1 and Q 4 can be used to group herds according to the ßies tendency to spread among the cattle. Herds with high values of Q 1 and low values of Q 4 would be associated with higher levels of aggregation, whereas herds with lower values of Q 1 and higher values of Q 4 would be associated with reduced levels of aggregation.
The average level of Q 1 declined as the average of Q 4 increased and the herd means fell into three distinct groups (Fig. 4A) . Levels of aggregation also varied among groups (Fig. 4B) . Herds with average Q 1 ranging from 0.53 to 0.60 and Q 4 ranging from 0.09 to 0.11 were classiÞed as high aggregation herds, and 1/k averaged (Ϯ SD) 1.1 Ϯ 0.89 (n ϭ 100, range 0.2Ð7.0) across sample dates. Herds with average Q 1 ranging from 0.39 to 0.48 and Q 4 ranging from 0.13 to 0.17 were classiÞed as moderate aggregation herds, and 1/k averaged (Ϯ SD) 0.29 Ϯ 0.19 (n ϭ 145, range 0.06 Ð1.69) across sample dates. Herds with average Q 1 ranging from 0.31 to 0.37 and Q 4 ranging from 0.18 to 0.22 were classiÞed as low aggregation herds, and 1/k averaged (Ϯ SD) 0.11 Ϯ 0.01 (range 0.01Ð 0.56) across sample dates. Interquartile ranges (25Ð75% of the values) of 1/k did not overlap between the three groups.
Herds grouped in the low aggregation group consisted of purebred English breeds, and included the four Angus herds with frame size Ͼ112.5 cm at the hips, Horned Hereford, Polled Hereford, and Red Poll cattle. The more uniform horn ßy numbers on these cattle may reßect the uniform genetics, coat color, and coat density. Horn ßy numbers tend to decline as hair density increases (Steelman et al. 1997 ) and may be less variable among cattle that have reduced hair density. Herds classiÞed into the moderate aggregation group included the small-frame Angus (Ͻ112.5 cm at the hips), Brahman, Charolais, LRC1, and LRC5 herds. The LRC5 herd was a Hereford ϫ Charolais cross, so it was interesting that it was in the same group as the purebred Charolais. The Angus herd included in this group was unique because it had a smaller frame and denser hair coat compared with the other Angus breeds (Steelman et al. 1997) . Herds classiÞed into the high aggregation group included the purebred Chianina, LRC2, LRC3, and LRC4. The latter three herds were mixed breeds, which may have contributed to the variation in ßy abundance among animals because they had a variety of hair coats, including white, red, gray, and black. Purebred Chianina tend to have horn ßy populations more aggregated than other breeds (Steelman et al. 1993) . It is possible that the different counting methods could have introduced some bias into the distribution pattern of horn ßies. Herds at LRC tended to have higher level of aggregation compared with the cattle from Arkansas. Flies on the belly of cattle at LRC were enumerated using a mirror, and this may have resulted in detecting higher numbers of ßies on some animals, resulting in a higher level of aggregation. It also is possible that movement of cattle into the chute before counting resulted in some redistribution of ßies among cattle and that the less invasive method of counting used in Arkansas would not have had this problem. However, several LRC herds were classiÞed into the moderate aggregations group with three of the Arkansas herds, and one of the Arkansas herds was classiÞed into the high aggregation group with three LRC herds, so bias introduced by the different counting methods may not have been that important. Overall, the variance of the weekly ßy counts increased with mean ßy density, and the mean accounted for 52% of the variation in the variance (Table  3 ; Fig. 5 ). However, including the aggregation groups in the model increased the variation accounted for to 81%. Analysis of covariance (ANCOVA) indicated that the intercepts of the relationship did not vary signiÞcantly among aggregation groups (F ϭ 1.15; df ϭ 2, 506; P ϭ 0.32) but that the slopes of the regressions did (F ϭ 6.2; df ϭ 2, 506; P Ͻ 0.005). The slopes tended to increase from the low to high aggregation groups (Table 3) indicating that for a particular ßy density, variance was greater for the high aggregation groups and lower for the low aggregation groups (Fig. 5) . These results are consistent with the aggregation group classiÞcation developed earlier. A meanÐvari-ance relationship developed previously (Lysyk 2000) was intermediate between the relationship for the high and moderate aggregation groups, which is not unexpected because herd differences were not accounted for in the previous study.
The probability of the sample estimates of horn ßy density obtained by resampling occurring within a Þxed percentage of the true mean were inßuenced by the proportion of the herd sampled, the true density, variance of density, and the herd size. Equation 1 Þt the resampled data well for all Þxed percentage of the true mean (Figs. 6-8; Table 4 ) and accounted for 97Ð98% of the variation in P 5 , P 10 , P 15 , and P 20 . All model parameter estimates were signiÞcantly different from zero based on nonoverlap of Ϸ95% conÞ-dence intervals. The proportion of sample estimates within a Þxed percentage of the true mean declined as the Þxed percentage increased, which makes sense because it is more likely that an estimate will be within Fig. 5 . Relationships between mean and variance for highly aggregated herds (triangles, top line), moderately aggregated herds (squares, middle line), and low aggregation herds (circles, bottom line). Lines are from regression in Table 3 . Table 4 ; symbols are the averages of the observed values for low aggregation herds (circles), moderate aggregation herds (squares), and high aggregation herds (triangles). Bars are Ϯ1 SD. (m) . F is a test of b ϭ 0. F(groups) ϭ 187.8; df ϭ 4, 506; P Ͻ 0.0001.
20% of the true mean as opposed to 5%. Also, the proportion of estimates within any Þxed percentage of the true mean tended to be lower for herds classiÞed as highly aggregated compared with herds classiÞed as low aggregated. This also makes sense from the preceding results as ßy density on low aggregation herds had lower variance than for high aggregation herds. Presenting the results by aggregation groups thus accounted for the negative effects of variance on the proportion of sample estimates within a Þxed percentage of the true sample mean.
The inßuence of the proportion of herd sampled on the proportion of sample estimates within Þxed percentages of the true mean is shown in Fig. 6 . In general, the proportion of sample estimates within a Þxed percentage of the true mean increased in a curvilinear manner as the proportion of the herd sampled increased. The curvilinearity was the reason for using a linear and quadratic term for p s in the model. The proportion of sample estimates within Ϯ5% of the true mean, P 5 , ranged from 0.1 to 0.62 for the high aggregation herds when p s increased from 0.2 to 0.9. P 10 increased from 0.20 to 0.89, P 15 increased from 0.30 to 0.94, and P 20 increased from 0.38 to 0.96. Sampling Ͻ90% of a herd with highly aggregated horn ßy populations would not allow a high level of accuracy. For the moderately aggregated herds, 90% of the population estimates occurred within Ϯ5% of the true population mean when 0.9 of the herd was sampled, whereas sampling 0.8, 0.7, or 0.5 of the herd allowed 90% of the sample estimates to be between Ϯ10, 15, and 20% of the true mean. For the low aggregation herds, sampling 0.9, 0.7, 0.5, and Ϸ0.3 of the herd would allow 90% of the sample estimates to lie within Ϯ 5, 10, 15, and 20% of the true men. Sampling is feasible for low and possibly moderately aggregated herds because these have a higher proportion of ßy-resistant and a lower proportion of ßy-susceptible animals than the highly aggregated herds. This results in a larger proportion of intermediate animals that could be included in the sample. 
where P x is proportion of estimates within x ϭ Ϯ 5, 10, 15, or 20% of the true mean; X 1 is the proportion of the herd sampled; X 2 is ln(mean ßies per animal); X 3 is ln(variance ßies per animal); and X 4 is ln(the number of animals in the herd).
The probability of a sample mean being within Ϯ 5, 10, 15, or 20% of the true mean also varied with levels of the true mean (Fig. 7) , but variation across the range of densities was not as high as variation across the levels of p s . In general, as density increased, ßy populations become less aggregated (Fig. 3) , even within an aggregation group. As a result, P 5 , P 10 , P 15 , and P 20 increased by 0.20, 0.20, 0.15, and 0.10, respectively, across the range of densities for low aggregation herds. Increases of 0.21, 0.23, 0.20, and 0.17 were observed for the moderately aggregated herds as density increased to 167 ßies per animal, but then P 5 , P 10 , P 15 , and P 20 declined at higher densities. This decline at higher densities was due to the confounding effects of herd size. Herd size averaged 18 Ð32 animals for densities Յ200 ßies per animal but averaged 12Ð15 for herds with density Ͼ200 ßies per animal. The highly aggregated herds showed little increase in P 5 , P 10 , P 15 , and P 20 when density was Ͻ138 ßies per animal, but these increased substantially across the higher densities.
The proportion of sample estimates within a Þxed level of accuracy showed relatively little increase with herd size for the low aggregation groups (Fig. 8) . P 5 ranged from 0.48 to 0.64, P 10 ranged from 0.73 to 0.86, P 15 ranged from 0.85 to 0.94 and P 20 ranged from 0.92 to 0.98. The range in herd sizes was 9 Ð37 animals for the low aggregation group. Herd sizes ranged from 12 to 40 animals for the moderate aggregation group, and P 5 , P 10 , P 15 , and P 20 increased by 0.20, 0.23, 0.23, and 0.19 across the range of herd sizes. The highly aggregated groups had herd sizes ranging from 14 to 59 animals. P 5 , P 10 , P 15 , and P 20 increased by 0.30, 0.30, 0.40, and 0.40 across the range of herd sizes, respectively.
The estimated number of cattle required to estimate horn ßy abundance within 5, 10, and 15% of the true mean are shown in Table 5 for various densities, aggregation groups, and herd sizes of 10, 25, and 50 animals. In general, the required sample size decreased as herd size and aggregation decreased, and as density increased. This is related to previous patterns of ßy population aggregation discussed above. It should be noted that the equation could not be solved for 20% accuracy for low aggregation herds of 25 and 50 animals, and medium aggregation herds of 50 animals. This arose because of the high proportion of estimates within Ϯ20% of the true mean in the resampling experiment. However, this level of accuracy is too broad to make meaningful comparisons, and its use should be avoided.
Choice of a sample size requires some predetermined idea of an acceptable level of accuracy. This will depend on the scope of the study. For estimating ßy density at a single moment in time, such as when deciding to make treatment decisions or comparing density with a treatment threshold, accuracy of 10 Ð 15% should be sufÞcient. However, if the goal of the study is to estimate rates of change in space or time, higher levels of accuracy may be required. As an example, let the rate of change between two estimates be R ϭ m 2 /m 1 . If both m 2 and m 1 are measured with a 90% probability of being within 5% of the true mean, then the estimate of m 2 has a 90% chance of being in the range 0.95*m 2 , 1.05*m 2 and the estimate of m 1 has a 90% chance of being in the range 0.95*m 1 , 1.05*m 1 . As a result, the estimate of R has a 90% chance of being within upper and lower limits of 0.95*m 2 /1.05*m 1 and 1.05*m 2 /0.95*m 1 , or 0.90*R and 1.11*R. Estimates of R will have upper and lower limits of 0.82*R and 1.22*R if density is estimated within 10% of the true mean; 0.74*R and 1.35*R if density is estimated within 15% of the true mean; and 0.67*R and 1.50*R is density is estimated within 20% of the true mean.
Sample estimates will be closer to the true mean if studies are conducted using herds with low aggregation patterns, such as the English breeds. For experimental studies, some degree of sampling is possible if the ßy population is less aggregated; otherwise, all animals within a herd should be examined. This is especially important when accurate population estimates are needed from small to medium sized herds. If an investigator has a choice of herd size, consideration should be given to using as small a herd as possible, counting the number of horn ßies on the entire body surface of each animal at each observation, and maintaining a uniform observation interval throughout the ßy season to obtain estimates of density close to the true mean.
Choosing sample size for a herd can be done as follows. The expected level of aggregation can be determined based on herd characteristics. Herd consisting of purebred English breeds should be considered initially as low aggregation herds; herds consisting of Charolais, Brahman, or crosses should be considered initially as moderate aggregation herds; and herds consisting of Chianina or mixed breeds should be considered as high aggregation herds. Given the size of the herd, and a rough approximation of density, the required number of animals can be read from Table 5 . Low aggregation  25  10  9  8  24  18  15  43  30  21  50  10  9  7  23  17  12  40  26  16  100  10  8  6  22  15  10  37  22  10  200  10  7  6  20  13  8  33  16  4  Medium aggregation  25  10  10  9  25  21  17  47  35  27  50  10  10  8  25  19  16  45  32  24  100  10  9  8  24  18  14  42  29  20  200  10  9  7  23  17  13  40  26  16  High aggregation  25  10  10  10  25  24  21  50  42  36  50  10  10  10  25  23  21  50  41  34  100  10  10  10  25  23  20  50  39  33  200  10  10  9  25  22  19  49  38  31 
